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There are a variety of users and devices in a context-aware computing environment. In this environment, the
service provided to a user may be the composition of diverse services rather than one independent service.
Before user’s devices provide the composite service to the user, they should perceive user’s needs by gathering
related information segments from other surrounding devices and/or sensors. We consider a context-aware
computing environment providing composite and adapted service to users and propose an information pro-
cessing model that characterizes the device where the collected data should be processed through services and/or
applications. Based on this model, we provide an analytical tool to obtain some performance measures of the

context-aware computing environment.
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Figure 1. Context-aware computing environment
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Figure 2. Sample path of a service system
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Figure 3. Closed tandem queue network
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Figure 4. Rate-flow diagram of {N(¢), ¢t = 0}

0|2 LsTe| Heh2 mEekW g 43 2o
%WFgéxﬁW
7,2 dolEl7} ) B Aol A5k @ el HolE o
0 st EAHE AR ol & Ut <F1gure 3>
ANA AR} 7= A 1914 FH 22 Mofdh= Aol
Tk A= 3 1914 BH 002 Holshe A f-oln ©f
SLSTY FH 2 o5 402 28T ik

S

1(9) = @0(9).

O+ +a

9] e} 2ol <Figure 4>2] H o] & tho]of

jus
TS A WA BAE ol 8ol et e A2d

of

=08, ,,(0)+c,P,_(0), k=1, 2,...

Kuksun Joo -

Dongmin Shin

b
B(0) = —&,.,(0), k=1, 2,-, n—1,
®,.(0) =1

A,
A7|M, A, =b, ¢, B,=1——-—, B, =1

—1
oz ¢, (0)° @m( )E A O R ti st
@,(0), k=0, 1, ~, -1 (HE L& F 3.0
W24 2: 79 LST &,(0) & th23} 2o},
b.b, -+ b _ n—1p
0(9):: (1 -1 _117(2)
%Bf”ﬂrl FO&
W A, =b,_yc B =1 kal,B[):l.D

A9 SAAEAAANA A A N (r=1, 2), o WA, a,
(r=1, 2) 2L | Aol 1,(r=1, 2)= A&t o= &
e 9] tolE7} AlxElel 228t | A B HE -9
ARAA L FAHE A& YA doh 53] d71A 4
B kol A 3 1, 2§52 WA AT E FE r b
o[el7F @A k7N o Qe WEE Fe o AR G N &
A wj7A] o] AI7P° oJm] g},

o] A LST &
ZFE foolt), Fo

0 0

FHS sershel AT vojEle] $7}, 9

ﬁ
=
gt
- fﬂ
o 51
& o

A st Aee A &7 EAS Lot E o Qi o
A& <Figure 2>9] = E 19| = AW EY AH 2 A7 2
ZAEHEY

4. 1—]‘—‘314 o _r]s]-:z.,q.

3125

AE 22 <Figure 3>AH P FAAH FE o) & T F
el o /M/IFCFS JBjo =52 o] Foj7l 23 t7]3 &
HEYIZ Yepd 4 9tk BCMP Belo] 21, ti7] Y E
dae g 2 Ve e A 5 dH9 dE
7HA & W71 Y E Y Z(product-form queueing network) 2 & 4

ATHBolch et al., 1998).
I 7 e Feo] =2 YE 24 AW AH 2 A7t
pdf7F FAG ALY LST, &, 70, r=1, 29| p.df7}
S84 Fe o LSTE Ve & e 3¢
. /M/m/FCFS 8] ] Ar]2 AZFE 7k 1749 Z) 29}
T Sgolojof (A& ARAMA, FH2v AR A
o ).

u dH = A=

[N

23 7] ES = A EHTA



Performance Analysis of a Composite Service Providing System in a Context-Aware Computing Environment 55

24 900 HRYARES ANSHE BE 2
FeiA Qe b 8% W 39 St B

A
g
A v‘f‘@](mean Value analysiS' MVA)o|t}, o] HH2o] 22
%
]

of,

Ef =9
%*MQLﬂﬂq@mMMzmw
=g ﬂL4ﬂﬂﬂH:ﬁmﬂt*&ﬁ4ﬂ
i) o AREAE Y 3ol wet A
%A‘%P_L‘lﬂh 1 %—%%Hﬂﬁiﬁ}e e 2 g2 0
S FYOEE, o M/m/FCFS F) = =59 /\111 o M3
el wet wst & ¢ o 1YBE E dFA s
M/m/FCFS e 9] T oA Ar]2go] 1 ojt} o}
2 ATl AHEES TAHCE 78 g
A A S o] &3
AA, O3 271558 F o
Kyt B ol EAEE FE  BEAA Y F,
3 2
k, 1 29 EAsk=
Sk, =ky, by,
k= (ky, ky) (915 ATHE 317,
K:EE I AR AA Y 5, K=(1, 1),
B BEAA ] == o A AH] 28
Pojs - =S A Gl Y FE r AR AAT 2T
of Fef sof AAHE Hold &5,
,rbciﬂﬂﬁﬂlaﬂrﬂﬂiﬂxﬂﬂ R R

2
:Zze,spjs,,w 0,1, 2 r=1, 2,
j=0s=

A): ARAA 57K W, 8 A ) 2 22,

K, (00: ARAA 5 9E7L kW, e oA B - 4R
LEEEERS

T,(00: ARAA 5 9E7L kY W, e
1 77 o] B2 A A A2t

=)
”VE%J

BN
® |y
o
=Y

Fel - AR AR =1, 2,

JHA

$

’

CERERCE:

<Figure 3>9 22 23 48 t7[U EQ T A= BB A A
7h 3 BN E R EE ofFd u) AA o] Jejr} wsts}
A Feth IHER j=i+1, r=s% A= Dirjs = 19]
I, 92 A e =00]th. o] & o] &3t Wi & e, &

Pir js
o3t 2,
e, =1(i=0, 1, 2,7r=1, 2)
WY A B4 21 S e 2o

For node 0, compute 7;, (k)= ul ,r=1, 2
0r
k,
Compute A, (k)= —; ,r=1, 2
M7

i=1
Compute
K,K)=\KT, &,i=0, 1, 2,r=1, 2

ir i

Initialize %;,(0)=0,i=0, 1, 2, r=1, 2
Iteration: k= 0, -+, K
For nodes 1 and 2(-/M/1/FCFS nodes), compute

Loy !

lu’1r i=1Hip

o

K, (k—1),i=1, 2, r=1, 2.

o 73 AH e iEJ SLIES u”% I
T g st 7€+ A%

o] g3, 4,(K), K(K), 7, (K)%
&30 A(K) = PEFEH M 2
gale FH ro RAA G H &S or]dte o=
B3 71717k Aglehs HAA S & vEhIT A (K
o] &3] Tzt 2ol MM °]&E o, (K)E T8+

~

n.lO

o p, &
ATt

A(K
—.1=0, 1, 2, r=1, 2

ir

pir(K) =

pi(K) = iA AHI2E 7HA = 71717 8 o] B3R
Aol ofaf 2-FetA He HFES vt el H T A
A", FHAE 2 BAA 717 AdE Ae AL Y
L8R, p, (K= T8 AT Aok B *}QXH R
HAATE 71710 % He=AE dehl= 7% 2 5 9
K,(K)E i8A Au 28 7k 3 9l e 71714 EA)ste ¥ EH
r AR A HtE ovlste AL s o] kBT BYA
A AH2E AT A S TYNT= AL gefst
7120l & 9tk 7, (K) & i8A A2 AFste 7]
717V B r AE AA A Au| 25 AT H7HA A Al
e vehli= A2 98 rof @ AATE F A AR2R

FAE B AN AE BF A By drhy 22 ER

-

rir

of 3t A&7t ¢ Yot ol s AEs S 4EIA A
9 8792 4A%E  ASET,
PR BEP LR

Ao ME Y Hit A %44 g EoA dojd 45
Ak AL A EH o] A& H|
ot WHo] v%th A& AZF3} <Table 1> F
Fejo ARAA o} F FF Au|27F ER 3= AHl 2
| A AHEE B S YERT

213 g A, a, 1€ o838t 2t FH MA o B
S, M2 Al AR A A E gk dEe
T8 4 9tk o] HF AIFEY 9471 22 09

2

)

—\.LHAQFFI

r

Al

2

<

=]
T
=
=
A

o e
Ml ox &
oot

A

[-‘\I
o




56 SAF -5 A

A 2t AW EY AEl & o] Ht} <Table >4 A7 A
L 2T oA MH AL B 12 T Case 1S F
F AR AR} =5 1A B AH2ago] 2 790
Case 2= AHl2=&o] AH AA o upe 2ul, 4§ 32 104,
Case 4= 1008 &f &Fo]7F YA A3kt

ofN &2

£

Table 1. Data sets

'uir
A « l
Case 1 Case 2 Case 3 Case 4
0.5 1005 3 | #,=06 p,=12 p,=6 p,=60
1 0.1 4 Mg = 0.6 g = 0.6 Hyo = 0.6 My = 0.6

(o
fru

o
o rr = &
Hoen Rl o

o [ =T
N

<Table 2> <Table 1>9 24 3< vt
T4 ¢ae 502 AL #ha AlEd ol g
o A (K) & T AR A H] 2 A 25 o] %
BAAY & K (K) & A A AuAs A
AR A & T(K)E FE 19 AR AR A4
FO AHI 2 o] Fo| 7] BFHAQI Mu|2& Algier 2
FJE HHATL p (K)E A WA A8 2E A Fste 7]7]2

o] &&& Uehith

— ol
o

535“
QL
O_‘EI,
4 M o

O
it

2

lo

24 - A5

£y

A AFT AU 2E A Fshs ARlaA2He A=

 d ek g A Sl o Al2ElE AA 2938
Aol Al 2]l o] 5 Aol shofate] AJ2E) o] A A o
A 28T F AdFe AT dF Sof, AHI2AZH A
4 AREATE 5 AHI2E Al e Azt €4

K

Ak - ol oo} b, Aziel Al 2dlo] 4% S dolE B
7 9IT o] A W8 BEA BARS Agete] 4204
AEATL BRAH 28 ASEE A Aol AZHE S 5

olth, wkek o] Al7to] A7 A7 =
EAT} A= A H 29 Al g
O AN 2SS G A AN S ABRE 4GRS
g oJrjshe A2 o A0] 2HBEE AGAE AU 2T 2
= e NS a3 28y Aulago] o= A&
2R AR AL B3 AN 22 AT d7b AeE A
He 2 2 BET, TADE ALl 484
o roliell B3 Au 28 A Fete b A3 Al =S
A AN 2 5 911’% of AH| ~&& Ax A 25

B3 Fvhd A
F7HIA A2 5 9

=
o
=

=2
=

3= AFE 7719 A5S AAEA HEZ A 2EH A7

.
A% of s %2 T 4 9lth

Al
A
Al
A=

7717} 2k

<Table 2>} Case 13} Case 2914 W HHA £4 &3] ¢ A &
Fo o) Fel W e A9t AlEH IS o] &3 Tl A
BAEW H A7k Y& 9T ol FAE B AR Do 878 AW F 39 48R T R
A WA A 2( o /Mm/FCES FE 9] e Z)oll A 2 AR A o) Al ag A Fehs 717]1 80l A8 A3AA HHl2 A
8 A 2] Aot QAL HLA (T W) Aol FRAS U/MENDE RYSHL o5 9Y BT 2A
Case 33 Case 4 2 WA AWl 20) A 2 A0 AR 9 ABl2 ang 52 Fo ofe] ASHESS Ta9T o] 4% 3E
& Aol7h  A9(100 F2 10002 K, (K) & A U S AuaAzeoq Aulx 43717188 AASAY /)
A BSATES AT QAT 8% oA S & 4 otk 2e Ask] 93 7120 B 5 glen, o)k A A B ol ATt
AA AN AFY FA oA Case 37} Case 49} 2ol 244 BlALE T3 Ak Aol 8402 f-89= ATet
BAF Q] Au A& 2ol 7F 1084 1008 A S 2He]7k Atk 53] B =& B A7 dido] He A3AA Anlx
AL CEOT B 9on (asedd Casedo Adts AT A2HE T4 Y HAFY 77159 U 2,
Wy Pix B4 dugSo] 2 AR AA Y MU~ o] wF T UHEF A2 AF AR S Foto] Hop
NEAGE $4TS Hel 2T WSl A2 Boke] £ 5ol BE BAY V2 £72
ol# e WY WA EAWL AFAA AFE AAA AL BEE AT
S7te] Aol 71 8743 DA tolElS £Aeke] ALg BT AT WP ARIA AGA S0 AFHE Aul 2
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Case 1 Case 2 Case 3 Case 4
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MVA Simul %) MVA Simul %) MVA Simul %) MVA Simul %)
A(K) 0.1018  0.1019 0.09 0.1137  0.1107 2.63 0.1253  0.1177 6.42 0.1283  0.1197 7.19
E(K) 0.4615  0.4671 1.22 0.3559  0.3702 3.85 0.2521  0.2928 13.91 0.2257  0.2765 18.37
i(K) 9.8205  9.8011 0.20 8.7982  9.0212 2.47 7.9804  8.4849 5.94 7.7964  8.3484 6.61
7. (K) 0.3845  0.3890 1.15 03130  0.3175 1.41 0.2426  0.2462 1.45 0.2247  0.2306 2.54

Note) Y PM : Performance Measure,

Y RE : Relative Error.
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